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@ Sliding test device for assays. 

(g) There is disclosed an improved test device (50; 50') useful 
in conducting reactions. The device comprises a) a well (52a. 
52b, 52c; 52b': 52b"; 52b"') configured to confine temporarily a 
liquid patient sample admixed with at least one reagent, such as 
an immunoreagent, to conduct such a reaction, b) a filter (58; 
58'; 58"; 58"') at the bottom (53) of the well with pores effective 
to pass free, unreacted reagent but not reacted or complexed 
reagent, and c) an absorbent material (66; 66'; 66"; 66'") 
underneath the filter (58; 58'; 58"; 58"') effective to draw off 
liquid in the well (52a. 52b. 52c; 52b'; 52b"; 52b'") after the 
reaction. The device further includes d) a non-absorbent pad 
(68; 68'; 68"; 68'") underneath the filter, adjacent to the 
absorbent material (66; 66'; 66"; 66"'), and e) means (59, 61 , 63. 
74. 78; 59'. 61'. 63', 74'. 78') for moving the filter and the 
absorbent material relative to each other, and the filter and the 
pad relative to each other, between two positions, one in which 
the filter contacts the non-absorbent pad and the other in which 
the filter contacts the absorbent material. 
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This invention relates to a construction of a test 
device that allows it to alternate between no-liquid 
flow, and liquid flow, through a filter, the filter being 5 
used to separate a reaction product from the 
reagents that provide the reaction product. 

Diagnostic devices have been provided In the past 
for conducting Immunoreactions in one or more test 
wells to determine the qualitative existence of 10 
pregnancy or an infectious disease. Such devices 
commonly include a filter membrane at the bottom of 
the well to separate out free, unreacted immunorea- 
gents, from complexed immunoreagents. (The for- 
mer pass through the membrane.) Underneath such 15 
membranes is preferably located an absorbent 
material to absorb the liquid of the reaction mixture. 
It has been conventional in such devices to provide 
for control of liquid flow, so as to first retain the liquid 
In the well above the membrane for an incubation 20 
period, and then to allow flow through the mem- 
brane. Previously provided mechanisms for controll- 
ing the flow include an aperture in the housing for 
the absorbent material underneath, and seals for 
opening and closing the aperture. When the aperture 25 
is open, normal liquid wetting causes the liquid to 
flow though the membrane into the absorbent 
material. Such seals, although effective, require 
careful tolerances and assembly techniques, so as 
to insure the apertures are normally closed, while at 30 
the same time are openable using manual forces 
easily available to the user. 

Thus, a problem prior to this invention has been to 
provide liquid flow control for such devices without 
requiring such high tolerance, while at the same time 35 
allowing easy use by the operator. 

A recent development towards this end is that 
described in U.S. Patent 4.734.262 by Bagshawe. In 
this device, a non-absorbent seal is provided at the 
bottom of the well, between the opening in the well 40 
and the filter membrane that is combined with an 
absorbent material. The device is constructed to 
provide relative movement in the form of reciproca- 
tion, between the seal and the opening, but not 
between the seal and the filter membrane. That is, 45 
both the seal and membrane are caused to deflect 
away from the opening, such as by applying 
pressure to the top chamber, allowing liquid to pour 
out onto the filter membrane. Such a construction 
has several disadvantages. One is that the seal 50 
covers the surface of the filter membrane at the top. 
thus decreasing the area available for filtration, and 
most Importantly, it prevents the filter from being 
observed through the opening for a detectable 
change indicative of a positive reaction. A second 55 
disadvantage is a requirement that there be a 
positive driving pressure to open the seal. This 
requires an auxiliary instrument, such as a vacuum 
source, besides what can be done using just the 
operator's own manipulation. 60 

The problems of this invention are addressed by a 
diagnostic device with flow control means that avoid 
the above-noted problems concerning tolerances 



and difficulties of pressurizing and reading. 

More specifically, the above problems are ad- 
dressed by a test device useful for conducting a 
reaction, the device comprising a) a well configured 
to confine temporarily a liquid patient sample . 
admixed with at least one reagent, to provide the 
reaction, b) a filter at the bottom of the well with 
pores effective to pass free, unreacted reagent but 
not complexed or reacted reagent, and c) an 
absorbent material underneath the filter effective to 
draw off liquid in the well after the reaction. The 
device is characterized in that it further includes d) a 
non-absorbent pad underneath the filter, adjacent to 
the absorbent material, and e) means for moving the 
filter and the absorbent material relative to each 
other, and the filter and the pad relative to each 
other, between two positions, one in which the filter 
contacts the non-absorbent pad and the other in 
which the filter contacts the absorbent material. 

It is an advantageous feature of the invention that 
a liquid testing device is provided with a liquid-con- 
fining well, a filter, and an absorbent material 
underneath, that allows flow or no flow of liquid 
through the filter without the use of vent seals of 
carefully controlled tolerances. 

It is another advantageous feature of the invention 
that such a liquid testing device is provided that 
allows filtering of the liquid to occur without having 
to apply a pressure differential across the filter to 
open the filter to flow. 

It is a related advantageous feature of the 
invention that such a device Is provided wherein the 
results are easily read from a color change on the 
filter, after flow is readily Initiated by the user. 

The present invention will now be described by 
way of example with reference to the accompanying 
drawings in which: 

Figures 1A and 1B are fragmentary sectional 
views of a prior art device, requiring a pressure 
differential to be applied across the filter to 
cause liquid flow to occur through the filter; 

Figure 2 is a plan view of a device con- 
structed in accord with the present invention; 

Figure 3A is a sectional view of the device of 
Figure 2, taken along the line IIIA - IIIA of Figure 
4; 

Figure 38 is a sectional view similar to Figure 
3A but of a slightly different embodiment; 

Figure 4 is a sectional plan view, taken along 
the line IV -IV of Figure 3A; 

Figure 5 is an exploded plan view, partially 
broken away, of a comparative example; 

Figures 6 and 7 are fragmentary sectional 
views similar to that of Figures 3A and 3B. but 
illustrating alternate embodiments; 

Figure 8 is a section view taken generally 
along the line VIII - VIII of Figure 7; and 

Figure 9 is a section view taken generally 
along the line IX - IX of Figure 8. 
The invention is described herein in the context of 
the preferred embodiments, In which the device has 
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three pairs of upper/lower compartments, to immu- 
noassay a) the patient sample, b) a positive control 
and c) a negative control, ail more or less simulta- 
neously. The filters are shown as sliding between 
two positions. In addition, aspects of the invention 
are useful with only a single pair of compartments, 
and with any kind of reaction and any form of relative 
movement between the filter and its absorbent 
material. 

The actual chemistries of the assay are not 
described in detail, primarily because the mechanics 
of the device are applicable to any, or even no, 
chemistry, provided it is appropriate that flow not 
take place instantaneously into the liquid-receiving 
compartment. 

In the most preferred embodiment, the chemis- 
tries provide for an immunoassay, in which there is 
separately received at three filters in three compart- 
ments, a patient antigen complexed with an antigen, 
a positive control for the complex so formed, and a 
negative control for the complex so formed, respec- 
tively, as is conventional. 

Figures 1A and IB illustrate a related device 10 
provided by the prior art, specifically one taught by 
U.S. Patent No. 4,734,262 noted above. An upper 
compartment or well 12 has at the bottom of it, an 
aperture 14 that has mounted below it, a non-ab- 
sorbent seal 16, that sits on the filter-absorbent 
material 18 held in place by member 20. Liquid 
placed in well 12 will not pour into or through 
material 18 because seal 16 blocks it, Figure 1A. 
However, when a differential pressure is applied 
across material 18, Figure 18. such as by a positive 
pressure applied to well 12 (arrow 22) or a vacuum 
applied to material 18. both the seal and material 18 
pull away from aperture 14 and liquid flow into the 
filter-absorbent material occurs, arrows 24, As noted 
above, the disadvantages of such a device are that 
the presence of seal 16 prevents reading any color 
change through the top. and it requires the applica- 
tion of a pressure differential to unseat seal 16. 

In accordance with the present invention, an 
improved device 50 comprises. Figure 2, three upper 
compartments or wells 52a, 52b. and 52c. The 
bottom 53 of each well, Figure 3A, is covered with a 
porous filter 58 which will pass liquid through it 
unless such flow Is blocked either by a liquid lock or 
some other means. Both the well and its filter are 
carried on an upper housing 59 having a sloped 
forward edge 61 and a rear groove 63. 

Below housing 59 is a lower housing member 60, 
Figures 2-4, having in an adjacent, and preferably 
contiguous relationship, both an absorbent material 
66 and a non-absorbent seal or pad 68, Figure 4. The 
footprint 58 of the filter of each well 52a, 52b and 52c, 
is shown as contacting pad 68, Figure 4, before each 
well moves to where the filter contacts the adjacent 
. absorbent material 66. The height "h", Figure 3A, of 
both material 66 and the pad 68 is such as to 
compress material 66 or pad 68 slightly, when filter 
58 contacts either one. 

The material 66 and pads 68 are held within lower 
housing 60, as shown in Figure 4. Such lower 
housing has a forward edge 70 that optionally bears 
one or more vent apertures 72, and a track groove 



74, Figure 3A. that accommodates edge 61 of upper 
housing 59 in a sliding relationship. Rearward 
portion 76 of housing 60 has a lip 78 that slidably 
extends into groove 63. Vertical ribs (not shown) can 

5 be located in housing 60 between, e.g., each 
material 66. to keep them in place. 

Thus, as is apparent, upper housing 59 moves 
relative to lower housing 60 preferably by sliding with 
respect thereto. This in turn provides a sliding 

10 relationship between filter 58 of each well, and both 
its non-absorbent pad 68 and its absorbent material 
66. As shown in Figure 4, the footprint 58 of the filter 
(shown in phantom) slides as per arrow 80, from 
contact with non-absorbent pad 68, to absorbent 

15 material 66. That is, each well goes from a non-liquid- 
flow condition to a liquid-flowing condition, respec- 
tively, since apertures 72 insure there is no liquid 
lock. The word "closed" can be printed at 85 on the 
top of housing 60, Figure 2, to inform the user that, 

20 when configured as shown in Figure 2. the wells are 
closed off from flow. A printing of the word "open" 
(not shown) is useful at the other end 87 of the top of 
housing 60. 

Other sliding motions are useful as well, for 

25 example, one in which the upper housing rotates 
with respect to the lower housing (not shown). 

Yet another useful sliding motion is one in which 
the lower housing slides relative to the upper 
housing, which is kept stationary. Such an alterna- 

30 five embodiment appears in Fig. 3B, in which parts 
similar to those previously described bear the same 
reference numerals, to which the distinguishing 
suffix {') (prime) is attached. Thus, device 50' 
comprises an upper housing 59' and a lower housing 

35 60'. Housing 59' includes wells such as well 52b', and 
filter 58'. and housing 60' houses absorbent material 
66' and non-absorbent pad 68', alt constructed as 
described above. However, in this embodiment 
upper housing 59' remains stationary by reason of its 

40 four supports 89 that are attached, for example, at 
the four corners of such housing. Housing 59' also 
includes a lip 61' that fits in a groove 74' provided in 
housing 60', and a rear groove 63' that accommo- 
dates lip 78' of housing 60'. Housing 60' is slung to 

45 slide within groove 63' and on lip 61' as a track 
support, in and out of the plane of Fig. 3B. 

Useful materials for either embodiment include 
the following: Filters 58 can be polyamides, such as 
nylon, and for example nylon-66 microporous mem- 

50 branes manufactured under the tradenames BIO- 
DYNE A or ULTRIPOR N-66 by Pall Corporation. 
Most preferably, the membranes are precoated 
(prior to use) with one or more water-soluble 
proteins, such as casein derivatives obtained from 

55 acylation, alkylation or sulfonylation of the casein. 
Various optional additional treatments can be given 
to the filter upper surface during or before assembly. 

Absorbent material 66 can be any bibulous 
material, having a sufficient pore volume to soak up 

60 about 2 cc of liquid. Useful materials include 
cellulose acetate, cotton, and rayon. 

As noted, pads 68 are selected from non-absorb- 
ent materials, such as resilient neoprene laminated 
with a hydrophobic plastic, for example, polypro- 
65 pylene. The resiliency is selected to allow filter 58 to 
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compress pad 68 with sufficient pressure as to 
withstand about 3 cm of water as a liquid head of 
pressure, without leal<ing. Such compression does 
not significantly interfere with the upper housing 59 
being easily slid by a user, relative to lower housing 
60. by simply using finger pressure. 

As a result, the devices of the Invention are 
particularly useful to provide an immunoreactlon 
within one or all of the wells, between an immunorea- 
gent (such as labeled antibodies) that is pre-applied 
or added to the well, and the patient's sample. When 
housing 59 Is slid to the open position (by sliding 
leftward, Figure 2), the liquid is then free to flow into 
the absorbent material underneath, carrying with it 
unreacted (uncomplexed) immunoreagent. How- 
ever, complexed immunoreagent remains behind on 
the filter, either because of its size or because a 
sandwich has formed using beaded antibodies 
which will not pass through the filter. The labeled 
antibodies so trapped on the filter are then caused 
to react to produce a detectable signal. 

Figure 5 illustrates a comparative example, 
wherein no movement occurs between the filter 124 
and its absorbent material 128. Instead, those parts 
occupy a fixed relationship and a slide valve 150 acts 
to open or close apertures 144, using a compressed 
elastomeric material inside valve 150 (not shown). 
Although such a device works well, care is needed in 
the selection of materials and in the manufacture of 
related dimensions to insure that valve 150 can be 
moved by finger pressure. In contrast, less care 
need be given to the tolerances used to assemble 
filter 58 of the present invention, in sliding contact 
with pad 68 or absorbent material 66. 

Figure 6 illustrates another embodiment, in which 
a rigid non-absorbent pad is used. Parts similar to 
those previously described bear the same reference 
numeral to which Is added. Thus, as in the previous 
embodiment, filter 58" is mounted over the bottom 
of each well, such as well 52b", that is part of upper 
housing 59". Housing 59" slides with respect to 
lower housing 60", having in an adjacent configura- 
tion, an absorbent material 66" and a non-absorbent 
pad 68" for each wed. Unlike the previous embodi- 
ment, however, pad 68" is relatively rigid. To insure 
that it seats against filter 58" with sufficient pressure 
as to prevent leakage, a spring 100 is used to bias 
pad 68" upwardly with a force equivalent to about 3 
cm of water as a liquid head of pressure. (2.5 cm is 
the maximum height of liquid used in the wells.) The 
corners of pad 68" can be optionally rounded (not 
shown) to allow filter 58" to cam pad 68" down when 
filter 58" is moved back over It, if such reseating is 
desired. 

An example of such a relatively rigid non-absorb- 
ent pad 68" includes a hydrophobic plastic such as 
polyproplyene. 

A rigid non-absorbing pad can be used without 
the need for a spring 100 that is separate from the 
rest of the assembly. Such an embodiment is shown 
in Figures 7-9, wherein parts similar to those 
previously described bear the same reference 
numeral, to which the distinguishing mark ('") is 
appended. 

Thus, in Figure 7, as In the embodiment of Figure 



6, upper housing 59"' has a well 52b"' with a filter 
58"', constructed as before. Lower housing 60'" has 
both an absorbent material 66'" and a rigid non-ab- 
sorbent pad 68'" with respect to which filter 58'" 
5 slides, also as in the embodiment of Figure 6. 
However, in this embodiment the characteristic 
resilience of material 66'" Is used to bias the rigid pad 
68"' against filter 58'" with the necessary force. In 
addition, Figure 9, material 66'" has a tendency to 
10 protrude at 190 into apertures 200 of pad 68'", thus 
providing the desired contiguous location of the 
absorbent material immediately adjacent to portions 
202 of the pad on which the footprint of filter 58'" 
presses, Figure 8. As a result, when well 52a'" moves 
15 as per arrow 204, Figure 9, it goes from its closed 
contact with portion 202 of pad 68'", to the "open" 
contact with portions 190 of material 66'". 

Alternatively, material 66'" can be cut to have the 
shape shown in Fig. 9 even before pad 68'" is placed 
20 on top of material 66'". 

To allow reclosing of the wells by movement back 
onto pad 68'", edges 210 of the portions 202 are 
preferably beveled. 

The embodiment of Figs. 7-9 can also be arranged 
25 as shown In Fig. 3B, to provide the relative sliding 
motion between the two housings. 



Claims 

30 

1. A test device useful for conducting a 
reaction, said device comprising a) a well 
configured to confine temporarily a liquid 
patient sample admixed with at least one 

35 reagent, to provide said reaction, b) a filter at 

the bottom of said well with pores effective to 
pass free, unreacted reagent but not com- 
plexed or reacted reagent, and c) an absorbent 
material underneath said filter effective to draw 

40 off liquid in said well after said reaction, 

characterized in that said device further in- 
cludes d) a non-absorbent pad underneath said 
filter, adjacent to said absorbent material, and 
e) means for moving said filter and said 

45 absorbent material relative to each other, and 

said filter and said pad relative to each other, 
between two positions, one In which said filter 
contacts said non-absorbent pad and the other 
in which said filter contacts said absorbent 

50 material. 

2. A device as defined in claim 1, wherein said 
pad and said absorbent material are stationary 
within said device, and said filter Is mounted for 
movement between said two positions. 

55 3. A device as defined in claim 2, wherein said 

moving means comprise means for sliding said 
filter between said two positions. 

4. A device as defined in claim 1 , wherein said 
filter is stationary within said device, and said 

60 pad and said absorbent material are mounted 

for movement between said two positions. 

5. A device as defined in claim 1, 2, 3 or 4, 
wherein said pad comprises a rigid material 
selected from the group consisting of hydro- 

65 phobic plastics, said device further including 



4 



BNSDOCID: <EP ^0353025A2_L> 



EP 0353 025 A2 



8 



means for biasing said filter against said rigid 
material to temporarily seal said filter from liquid 
flow occurring through the filter. 

6. A device as defined In claim 5, wherein said 

pad rests on a portion of said absorbent 5 
material, whereby said portion of said absorb- 
ent material functions as said biasing means. 

7. A device as defined in claim 5, wherein said 
moving means include a beveled surface on 

said non-absorbent pad that facilitates relative 10 
movement of said filter and said pad into 
contacting relationship. 

8. A device as defined in claim 1, 2, 3 or 4, 
wherein said pad comprises a resilient material 
selected from the group consisting of hydro- 15 
phobic plastics, and wherein said filter is 
assembled against said material to slidably seal 

said filter thereagainst with a pressure effective 
to temporarily prevent liquid flow through the 
filter. 20 

9. A device as defined in any one of the 
preceding claims, wherein said absorbent ma- 
terial and said pad are contiguous. 

10. A test device for an immunoreaction, said 
device comprising a) a well configured to 25 
confine temporarily a liquid patient sample 
admixed with at least one immunoreagent, to 
provide said immunoreaction, b) a filter at the 
bottom of said well with pores effective to pass 
free, unreacted immunoreagent but not com- 30 



plexed immunoreagent, c) an absorbent ma- 
terial underneath said filter effective to draw off 
liquid in said well after said immunoreaction, 
and d) means for controlling liquid flow from 
said filter to said absorbent; 
characterized in that said device further in- 
cludes a non-absorbent pad underneath said 
filter, and wherein said liquid-controlling means 
comprise means for providing relative sliding 
movement between said filter and said pad and 
said absorbent material, to provide contact of 
said filter with either said non-absorbing pad or 
said absorbent material, so that proper alternat- 
ing conditions of no flow or flow occur, 

11. A device as defined in claim 10, wherein 
said pad comprises a rigid material selected 
from the group consisting of hydrophobic 
plastics, said device further including means for 
biasing said filter against said rigid material to 
temporarily seal said filter from liquid flow 
occurring through the filter. 

12. A device as defined in claim 11, wherein 
said biasing means includes a portion of said 
absorbent material. 

13. A device as defined in claim 10. 11 or 12, 
wherein said filter is stationary within said 
device, and said pad and said absorbent 
material are mounted for movement between 
said two positions. 
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0 Sliding test device for assays. 

@ There is disclosed an improved test device (50; 
50 ) useful in conducting reactions. The device com- 
prises a) a well (52a, 52b. 52c: 52b'; 52b"; 52b") 
configured to confine temporarily a liquid patient 
sample admixed with at least one reagent, such as 
an immunoreagent, to conduct such a reaction, b) a 
filter (58; 58'; 58"; 58") at the bottom (53) of the well 
with pores effective to pass free, unreacted reagent 
but not reacted or complexed reagent, and c) an 
absorbent material (66; 66'; 66"; 66'") underneath the 
filter (58; 58'; 58"; 58 ") effective to draw off liquid in 
the well (52a. 52b. 52c; 52b'; 52b"; 52b") after the 



reaction. The device further includes d) a non-absor- 
bent pad (68: 68': 68": 68"') underneath the filter, 
adjacent to the absorbent material (66; 66;^ 66 ; 
66"). and e) means (59. 61, 63. 74, 78; 59'. 61 ', 63'. 
74', 78') for moving the filter and the absorbent 
material relative to each other, and the filter and the 
pad relative to each other, between two positions, 
one in which the filter contacts the non-absorbent 
pad and the other in which the filter contacts the 
absorbent material. 
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